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Salts of arylarsonic acids of the general formula X.CsH •.AsOa-M.n.Y [where M = V02+ or
Cu2+, X = H,P-CH3,p-CI,p-Br,p-OCH3, o-OCH •• o-COOH, o-N02 or o-NH2; Y = H20 or C2H50H
and n has values between 0 and 3] have been prepared and characterized on the basis of elemental
analysis, magnetic data and IR and reflectance spectral studies. The AsO. group of arylarsonic
acids acts as a tridentate Ugand in all the complexes. High melting points and lack of solubi-
lity in common organic solvents indicate polymeric nature of the complexes. The magnetic
study suggests the presence of metal-metal interactions in some of the complexes.
Square-pyramidal and distorted octahedral structures are proposed for vanadyl and copper
complexes, respectively.
COMPLEXES of Cu(II) with m sthylarsonic. acid", o-aminophenylarsonic acid- and Schiffbases3,4 having arsonic acid substituents
have been reported, but no work has been reported
on compounds of VO~+ with arylarsonic acids,
In continuation of our investigations on the chemistry
of arylarsonic acidso-:2 we report here the isolation
and characterization of V02+ and Cu(II) complexes
with pher.ylarsonic acid (A), p-methylphenylarsollic
acid (B), p-chlorophenylarsonic acid (C), p-~rol11o-
phenyl arsonic acid (0), p-methoxyphnylarsoalc acid
(E), o-methoxyphenylarsonic acid (F), o-carboxy-
phenylarsonic acid (G) and o-nitropheaylarso:11c
acid (H). A Cu(II) complex with o-arninophenyl-
arsonic acid (I) has also been prepared. The com-
plexes have been characterized on the basis of
elemental analysis, magnetic susceptibilities a-id IR
and refiectance spectral studies.
Materials and Methods
Arsonic acids were prepared by the reported
methods13,14. Vanadyl complexes of all the acids,
except for the acids (G) and (H), were obtained by
refluxir.g aqueous solution of vanadyl "ulpha~e
(0·01 mole) and ethanolic solution of arvlarsonic
acid (0·011 mole) for 30 min, when a sky-blue p~ecl-
pitate separated. Cu(II) complexes were obtained
similarly from copper acetate (BOH, AR) .~vhl
arsonic acids using absolute ethanol as the medium.
Vanadyl complexes of acids (G) and (H) were pre-
pared by refluxing aqueous vanadyl sulphate solu-
tion, the PH of which was adjusted to 3·5 by t~e
addition of sodium hydroxide, and the ethanolic
solution of arsonic acid till the precipitate settled
down. The complexes were purified by washing
the precipitate repeatedly with hot ethanol and
drying in vacuo.
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Vanadium wa.se.:;timated gravimetrically by
treating the complex with CO:1C.HlS04 and then
igniting it in air to VzOs. Copper was determined
volum etrically by EDT A titration.
The m 19i1etic susceptibilities of the Cu(II) com-
p'ex es with acids (A) and (I) were measured at
different temperatures (85-294°K) while those of
the remaining complexes were measured at room
temperature only, employing the Gouy method.
The diamagnetic corrections were calculated on the
b3.S~Sof Pascal's constants".
Th- IR spectra of acids (A) and (I) and their
complexes with Cu(II) were recorded in KBr on a
C:trl-Zeiss URIO spectrophotometer. The IR
spectra of the remaining acids and their complexes
were recorded in nujo: on a Hilger and Watts H.800
spectrophotometer. The refiectance spectra of the
complexes were recorded on a Unicam SP 700 A
spectrophotometer having SP 735 diffuse reflectance
attachment (range: 50,000-4000 crrr").
Results and Discussion
The analytical data (Table 1) show that the aryl-
arsonates may be represented by the general formula
X,C6H~.\~03.~I.nH20, where M=V02+ or Cu1+;
n=0·5, 1·5. 2·0, 2·5 O~· 3 and X=H, P-CH3' p-Cl,
p-Br, P-O:::H3' o-OCH3• o-COOH, o-N02 or o-NH2
except [0, vanadyl o-nitropheaylarsonate, which
analyse I t,)[ 02~,C6H4.\s03.VO.1/2 C2HsOH. The
high melting points and insolubility ill organic
solvents suggest a polymeric nature for the complexes.
The bands due to v-OH (ref. 16), present around
2750 and 2250 crn! in the 1R spectra of acids were
missin ~ in the sp actra of all the complexes+, in-
dicating dibasic nature of the acids. This conclusion
*Detailed IR data can be had from the authors on request.
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T.\BLE 1- ANALYTICAL AND :llAGNETIC SUSCEPTIBILITY DATA OF THE COMPLEXES
Salt Calc. (%) Found (%)t fLeff
(BM)
C H Metal C H :lletal
·C6H.As03·VO·2H.0 23·76 2·97 16·86 23·55 2·95 16·02 1·77
p-CH3·C6H.As03·\·0.3i2H2O 27·27 3·24 16·55 27·04 3·29 16·12 1·76
p-CI.C.H.As03.V O.Hp 22·53 1·88 15·96 22·01 2·34 15·27 1·79
p-Br.C .H.As03.VO.?H.0 18·85 2·09 13·36 19·05 208 13·10 1·79
p-OCH .C6H.As03.\ 0.3H2O 23·93 3·70 14·53 24'01 2·78 14·02 1·77
o-OCH;C6R.As03.VO.H.0 26·67 2·86 16·15 26·80 2·84 15·91 1·76
o-COOH ..C6H.As03·VO.5/2H.O 23-60 2·81 14·33 23·16 2·01 13-94 1·74
o-~02·C.H.As03·VO.1/2.C2H50H* 25·08 2·09 25'20 2·04 0·76
C6H5As03'Cu 27·34 1·90 24·00 27·84 2·24 23·7 1·78
p-CH3.C6H.As03.Cu.l j2H2O 29·32 2·79 22·18 29·27 2·78 22-4 1·89
p-CI.C6H.As03.Cu* 24·16 1·34 21·32 24·16 1·50 20·9 1·73
p-Br.C6H.As03·Cu* 21·03 H7 18·56 21·57 1·36 18·3 1·71
p-OCH3·C6H.As03.C" 28·63 2·72 21·65 28·83 2·56 21·4 1·71
o-COOH.C6H.As03• Cu. 3/2H 20 25·12 2·39 19·00 25·11 2·52 19·3 2·10
o-N02·C6H.As03·Cu* 23·33 1-62 20·60 23·16 1·83 20·8 1·80
O-~H2,C6H4AsO".Cu* 25·71 2·14 22·60 26·04 2·58 22·8 1·93
O-OCH3,C6H.As03·Cu.H.0 26·97 2·89 20·40 27·28 2·78 20·5 1·86
*Satisfactory halogen analyses have been obtained.
tEstimations of C, H, ~ and halogens were carried out by the Australian Microanalvtical Service, Melbourne,
is further supported by the changes in symmetric
and asymmetric stretches of AsOi- grOJp17 0:1 com-
plex formation. In the spectrum of the copper
complexes of acid (A), in addition to a banell8 at
460 cnr? due to phenyl ring, two more bands at
520 and 475 crrr ' appear. Similarly, in the spec-
trum of the copper complex of acid (I), in addition
to phenyl ring bandsI8 at 550 and 465 crrr-. a 1 addi-
tional band appears at 475 crrr". These additional
bands may be assigned!" to 'ICU-O. The -".s=O
bands'? clearly shift downward in the vanadyl
complexes of the acids (A), (E) and (H) and the
copper complexes of the acids (A) to (F). In the
case of vanadyl complexes of acids (C), (D) a1d (F)
and copper complexes of acids (G) and (H) the down-
ward shifted As=O bauds arc, however, not dis-
tinctly visible as these overlap with the band due
to asymmetric stretch of --\,>01". This downward
shift suggests the bonding of metal ions to Ox.ygeH
atoms of A5=0 group also, In vanadyl complexes
of the acids (B) and (G) and copper complex of the
acid (I), the A5=0 bands, instead of shifting down-
ward, register a shift to higher frequency region.
This upward shift may result fr0111the coupling of
arsenic-oxygen and metal-oxygen stretching modes
on coordination of '\s=O oxygen to metal ion.
The coordination through oxygen of A5=0 gr.np IS
also supported by the variation in 'I'\,,=C (aromatic)
(ref. 17) on complex formation. In view of the pre-
ceding observations, a tridentate nature of the
arsonic acids is indicated in all the complexes.
The increase in symmetric and asymmetric fre-
quencies of H3C-0-C (aromatic) group in the
complexes of o-methoxyphenylarsonic acid may
arise from the involvement of -OCRl group in
coordination with the metal ions. The band at
3310 crrr" due to -:JH2 group in the spectrum of
o-aminophenylarsonic acid undergoes a downward
shift of 210 cm! in copper complex which suggests
the coordination of nitrogen to the metal iO:1. This
suggestion is further supported by the variation
in other band" of -NH2 group of the acid. The
presence of bands'? due to O-R stretch, -OR
deformation and C-O stretch at almost same
positions in the spectra of o-carboxyphenylarsonic
acid and its complexes supports the non-involve-
ment of the OH of carboxyl group in complex forma-
tion. A doublet at 1650, 1637 cm! due to C=O of
the carboxyl group shifts to 1585, 1550, 1535 crrr" in
the copper complex, suggesting coordination of
c=o oxygen to the copper ion20•
The magnetic moments of vanadyl complexes,
except for the complex of o-uitrophenylarsonic acid,
are in the range of 1·74-1·79 B),'l and are almost
equal to the spin-only value expected for the VOH
system. In the reflectance spectra of the vanadyl
complexes, only two bands were observed in the
ranges 16,000-1+,000 and 11,200-10,400 crrr '. How-
ever, when the spectrum of o-methoxyphenyl-
arsenate recorde.l after mixing the complex
with freshly prepared magnesium oxide powder, it
showed an additional band, though of weak in-
tensity, at 25,000 crrr". Thus, reflectance spectral
study suggests a square-pyramidal." stereochemistry
around vanadium. The very low value of magnetic
moment (0·76 B"y1:) observed in o-nitrophenyI-
arson ate may be due to interaction between unpaired
spins in the 3dxv orbitals of vanadium= atoms,
The magnetic moment values measured at room
temperature for the copper complexes with acids
(B) to (F) and (H) were found in the range 1·71-
1·89 K\1: indicating octahedral stereochemistryt".
The magnetic moment values of copper complexes
with acids (A) and (I) at different temperatures
(85-294°K) were found in the ranges 1·37-1·78 and
1·70-1·93 EM respectively. The decreased mag-
netic moments at lower temperatures mav be due to
increased spin-spin interaction. This effect is consi-
derably reduced in the complex with acid (I) due
to additional coordination of amino group' with
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copper ion. A magnetic moment value of 2·1 BM
for copper complex with acid (G) is higher than that
expected for an octahedral complex. However,
the presence of a broad band with a maximum
around 11,000 crrr" and a band near the IR region
in the reflectance spectra of all the copper complexes
suggests a distorted octahedral stereochemistry= for
copper in this and other complexes.
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